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ABSTRACT: Coexistence of wind sea and swell often results in double-peaked spectra. Separation and identification of 
the wave energies of wind sea and swell from the measured spectra allow us to have a more realistic description of the 
sea state, which is of great importance to offshore structure design, safety of marine operation, and the study of wind 
wave dynamics. This paper describes a method based on the peak frequency of a steepness function to separate the 
wave energies of wind sea and swell from the omnidirectional wave spectra. Using the PM spectral model for the wind 
sea spectrum, the separation frequency is derived from the peak frequency of the steepness function. This steepness 
method does not rely on the availability of the information of wind velocities and wave directions and can be easily 
implemented for operational uses. Verification results using wave data collected of Seoguipo in Korea are presented. 
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INTRODUCTION 
An ocean wave spectrum describes the distribution of 
the total wave variance over frequency and direction. 
Such a distribution is the result of the occurrence of a 
certain number of individual wave systems originating 
from different meteorological events. As sea states 
consist of local wind sea and swell of distant storms, the 
wave energy spectra often show two or more spectral 
peaks corresponding to different generation sources. The 
coexisting of wind sea and swell can significantly affect 
sea-keeping safety, offshore structure design, small boat 
operations and ship passages over harbor entrance.  
For the interpretation and archival of large datasets, 
integral parameters rather than whole spectra are 
preferred. However, while integral parameters suitably 
describe a wave spectrum composed of a unique wave 
system, the simultaneous occurrence of different wave 
systems turns integral parameters less meaningful, unless 
they refer to individual wave components. Partitioning of 
wave spectra into independent wave systems provides an 
excellent tool for data reduction. Also for the 
comparison of datasets or when evaluating model 
performance, the analysis at the level of wave systems 
gives more insight into processes than the analysis of 
mean parameters of the whole spectrum.   
Identification and separation of wave components of 
wind sea and swell provide a more realistic depiction of 
the sea state and is of great importance and interest to 
both scientific and engineering applications. For data 
assimilation purposes, the use of spectral partitioning has 
given rise to the development of more robust sequential 
algorithms (Hasselmann et al., 1996; Young and 
Glowacki, 1996; Voorrips et al., 1997; Thomas, 1998; 
Lionello et al., 1992; Hanson and Phillips, 2001; Quentin, 
2002). On the other hand, in wave studies where the 
identification of wind sea and swell is relevant, nearly 
each author has adopted his own criteria based on some 
physical properties of wind and waves, and therefore 
several methods can be found in the literature (Wang and 
Hwang, 2001; Violante-Carvalho et al., 2002). 
The purpose of this study is to develop a physics 
based method to separate energies of wind sea and swell 
from wave spectra without the need of wind and 
directional wave information, especially in nearhshore 
region. The description of the separation method is 
presented, and then the scheme is applied to the in situ 
observation data of Seoguipo in Korea. 
 
STEEPNESS METHOD 
 
For a random wave field, the average steepness of 
wave components above a given frequency *f  can be 
described by the ratio between the representative wave 
height and the wavelength. This ratio is a frequency-
dependent steepness function,  *f  expressed as  
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where *H  and *L  are, respectively, the representative 
wave height and wavelength for wave components above 
*f . Using the linear dispersion relation, the wavelength 
can be to related to a representative wave period *T  by 
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where g  is the gravitational acceleration. The 
representative wave height and wave period are defined 
as 
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where *0m  and *2m  are the spectral moments 
computed by  
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where  fS  is the omnidirectional wave spectrum and 
maxf  is the upper-frequency limit of  fS . As *f  
reaches the lower-frequency limit minf  of  fS , *H  
and *T  are, respectively, the commonly used significant 
wave height and average zero-up-crossing wave period. 
The value of  minf  the is the significant steepness, 
which is also referred to as the significant slope. 
Substituting (3), (4) and (5) into (2), the steepness 
function can be expressed as 
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The steepness function in (6) is derived using the 
integral property of the wave spectrum, which 
smoothens out most spectral irregularities due to artifacts 
of random processes.  
Wang and Hwang (2001) used the PM spectral model 
to represent  fS . The steepness function for the 
spectra of various wind speeds is obtained from (6). An 
upper-frequency limit Hzf 5.0max   is used. The peak 
frequency decreases as the wind speed increases, which 
was approximated by 
 
746.1379.0  mfU     (7) 
 
Considering that local wind-generated waves should 
have its phase velocity C  less than wind speed U , the 
separation frequency of wind sea and swell is the 
frequency sf  with its phase velocity sC  satisfying the 
relation, UCs  , where subscript s  represents the 
properties related to the separation frequency. Using the 
deep-water-phase velocity, fgC 2/ , the separation 
frequency is related to wind speed by 
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Substituting (7) into (8), the relation between sf  and 
mf  can be expressed as 
 
746.1112.4 ms ff      (9) 
 
The separation frequency can then be determined from 
the peak frequency of the steepness function without the 
use of wind speed. 
 
FIELD TESTING WITH IN SITU OBSERVATON 
 
With the use of the separation frequency for a given 
wave spectrum, the representative wave height and wave 
period of wind sea and swell components can be 
calculated separately. The significant wave height swH , 
and average wave period zwT  of wind sea components 
are defined as  
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where wm0  and wm2  are computed from 
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The significant wave height ssH  and average wave 
period zsT  of the swell components are defined as 
 
sss mH 02 , and                                                (13) 
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where sm0  and sm2  are computed from 
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The proposed method was applied to the observation 
data obtained at Seoguipo in Jeju Island at August 2008. 
Fig. 1 shows the time series of swH  and ssH . On the 
whole month, wind seas were dominant. From 1 Aug to 
20 Aug the significant wave height obtained from the 
entire energy was nearly same as that of the wind sea. At 
the same time, the maximum significant wave height of 
swell was about only 0.4 m. However, from 21 Aug to 
24 Aug, the wave component of which maximum 
significant wave height is 1.8 m comes first, and then the 
other wave component of which maximum significant 
wave height is 2.6 m was observed. The analysis shows 
that the former one is swell and the latter is wind sea. 
 
(a) 
 
(b) 
 
(c) 
 
 
Fig. 1. Time history of the separated significant wave 
height of wind sea (circles) and swell (crosses) during 1-
31 Aug 2008 from the pressure-type wave recorder in 
the Seogwipo port. 
 
 
 
In order to investigate the analysis in detail, the 
frequency spectrum and the separation frequency at 
10:30 in 21 Aug were depicted in Fig. 2. The peak 
frequency of the frequency spectrum was 0.070 Hz 
(T=14.3 sec). The separation frequency was computed as 
0.134 Hz (T=7.5 sec). Therefore the almost energy of the 
frequency spectrum was determined as swell. 
 
 
Fig. 2 Wave spectrum and separation frequency from the 
pressure-type wave measurement device at 08/8/21, 
10:30. 
 
Fig. 3 shows the frequency spectrum and the 
separation frequency at 6:00 in 22 Aug when the wind 
sea and swell coexist. The frequency spectrum was 
double-peaked spectrum of which peak frequencies were 
0.78 Hz (T=12.8 sec) and 0.164 Hz( T=6.1 sec). The 
separation frequency was 0.121 Hz (T=8.3 sec). This 
figure shows that the separation frequency is effectively 
operated for double-peaked spectrum. 
 
 
Fig. 3 Wave spectrum and separation frequency from the 
pressure-type wave measurement device at 08/8/22, 
06:00. 
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Fig. 4 shows the frequency spectrum and the 
separation frequency at 1:30 in 23 Aug when the wind 
sea is dominant. The peak frequency of the frequency 
spectrum was 0.102 Hz (T=9.8 sec). The separation 
frequency was computed as 0.066 Hz (T=15.2 sec). 
Therefore the almost energy of the frequency spectrum 
was determined as wind sea. 
 
 
Fig. 4 Wave spectrum and separation frequency from the 
pressure-type wave measurement device at 08/8/23, 
01:30. 
 
CONCLUSIONS 
In this study, we applied the steepness method to the 
observation data obtained near the Seguipo harbor where 
the water depth is about 30 m. The wind sea and the 
swell components were effectively separated by the 
steepness method. This steepness method does not rely 
on the availability of the information of wind velocities 
and wave directions and can be easily implemented for 
operational uses. However, the use of PM spectrum 
assumes the fully developed sea, which implies that this 
method does not guarantee to the use for nearshore wave 
spectrum which includes the developing sea and the 
effects of frictional bottom.   
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